Abstract Smallholder land productivity in drylands can be increased by optimizing locally available resources, through nutrient enhancement and water conservation. In this study, we investigated the effect of tillage system, organic resource and chemical nitrogen fertilizer application on maize productivity in a sandy soil in eastern Kenya over four seasons. The objectives were to (1) determine effects of different tillage-organic resource combinations on soil structure and crop yield, (2) determine optimum organic-inorganic nutrient combinations for arid and semi-arid environments in Kenya and, (3) assess partial nutrient budgets of different soil, water and nutrient management practices using nutrient inflows and outflows. This experiment, initiated in the short rainy season of 2005, was a split plot design with 7 treatments involving combinations of tillage (tiedridges, conventional tillage and no-till) and organic resource (1 t ha -1 manure ? 1 t ha -1 crop residue and; 2 t ha -1 of manure (no crop residue) in the main plots. Chemical nitrogen fertilizer at 0 and 60 kg N ha -1 was used in sub-plots. Although average yield in no-till was by 30-65% lower than in conventional and tied-ridges during the initial two seasons, it achieved 7-40% higher yields than these tillage systems by season four. Combined application of 1 t ha -1 of crop residue and 1 t ha -1 of manure increased maize yield over sole application of manure at 2 t ha -1 by between 17 and 51% depending on the tillage system, for treatments without inorganic N fertilizer. Cumulative nutrients in harvested maize in the four seasons ranged from 77 to 196 kg N ha -1 , 12 to 27 kg P ha -1 and 102 to 191 kg K ha -1 , representing 23 and 62% of applied N in treatments with and without mineral fertilizer N respectively, 10% of applied P and 35% of applied K. Chemical nitrogen fertilizer application increased maize yields by 17-94%; the increases were significant in the first 3 seasons (P \ 0.05). Tillage had significant effect on soil macro-([2 mm) and micro-aggregates fractions (\250 lm [53 lm: P \ 0.05), with aggregation indices following the order no-till [ tied-ridges [
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In many cropping systems within poor smallholder farms, little or no agricultural residue is returned to the soil due to low productivity in these areas and competing uses such as fodder and fuelwood (Erenstein 2003) . Also, and especially in Kenyan drylands, manure is limited due to free range system of livestock management practiced here that leaves large amounts of manure in the bushlands, and only small amounts dropped in the shed at night are available for use in crop production. The challenge is optimizing the limited resources available to the small-scale farmers for improved productivity of the systems. Quite often though, the needed or recommended levels of organic amendments used by scientists in experimental set-ups are too high for any practical use by majority of farmers. It is needed to investigate the effect of the small quantities of organic resources available to the farmers on both crop productivity and soil structure, and how these effects can be improved by a judicious choice of amendments of varying quality. In this study, we assess soil aggregation and crop yield under different tillage and organic resource systems. Village-level residue management study in West African agroecosystems showed that 21-39% of residue from previous crops is available on the farm at planting (Bationo et al. 2007 ). Thus, given the low productivity observed in the dryland agro-ecosystems (3-4 t ha -1 of maize stover Miriti et al. 2007) , farmers can retain about 1 t ha -1 of maize stover residue in their fields and this quantity is tested in this study.
Conservation tillage practices such as reduced tillage have been observed to result in better soil structure (Six et al. 2000) and have higher soil organic carbon compared to conventional tillage practice, especially at the top soil depths (Madari et al. 2005; McCarty and Meisinger 1997) . Combined with crop residue applied as mulch, reduced tillage also conserves available rainwater important for crop growth. Such rainwater is currently lost in the magnitude of 70-85% from cropping systems in sub-Sahara Africa through soil evaporation, deep percolation and surface runoff (Rockstrom et al. 2003) . The additional mulch produced by the crops could play a key role in reducing runoff and direct evaporation from the soil (Erenstein 2003) , and often reduces the emergence of weeds (Erenstein 2003) . In low rainfall seasons, substantial increases in crop yields above conventional practices are expected where tied-ridges are used for in situ water harvesting (Gebrekidan 2003) .
We hypothesized that combining conservation tillage with the limited quantities of organic and inorganic nutrient resources available and affordable by smallholder farmers would result in increased maize productivity and higher efficiency of resources through improvements in soil structure. The objectives were to (1) determine effects of different tillage systems and low quantities of organic resources on soil structure and crop yield, (2) determine optimum organic-inorganic nutrient combinations for arid and semi-arid environments in Kenya and, (3) assess partial nutrient budgets of different soil, water and nutrient management practices using nutrient inflows and outflows.
Materials and methods

Location
This study was conducted in a semi-arid zone at Machang'a in Mbeere, Eastern Kenya. The site is located at 0°45 0 S and 37°45 0 E, at an altitude of 1,050 m.a.s.l. The study was conducted for 2 years (from September 2005 to August 2007) which constituted four seasons of experimentation (two seasons per year). The two seasons in a year are the short rainy season from September to March and the long rainy season from April to July. Much of the seasonal rainfall often falls in a few storms distributed over the season. 
Soils characteristics
The soils, classified as chromic cambisols (Warren et al. 1997) , had 65% sand, 22% clay and 13% silt. Chemical analysis was done at the main plot level because the field was observed to exhibit some variability. The Analysis showed that SOC content was 0.61 (±0.07)%, total N 0.05 (±0.01)%, pH water 6.5 (±0.46), extractable phosphorus 6.3 (±7.74) mg P kg -1 , exchangeable potassium 0.56 (±0.14) me 100 g -1 of soil, exchangeable magnesium 0.78 (±0.077) me 100 g -1 of soil, and exchangeable calcium 2.29 (±1.04) me 100 g -1 of soil. The site was characterized by C/N ratio varying between 9.0 and 22.1. The data showed high nutrient variability ( Fig. 2 ) that is common in farmers' fields due to local land use histories or biological activity (termite mounds that concentrate nutrients).
Treatments and crop management
The experiment, initiated in the short rainy season of 2005, was a split plot design with seven (7) tillageorganic resource treatments in main plots as follows: (1 Split plots comprised 0 and 60 kg N ha -1 as chemical nitrogen fertilizer. The experiment was replicated three times. Tillage in the conventional system was done to about 15 cm soil depth using hand hoes as commonly done by farmers. Tied-ridges were prepared by digging, using hand hoes, during trial initiation and they were maintained throughout the experiment, with tillage restricted to refreshment of the ridges. Ridge tops were not hoed but retained some fresh soils as a result of the ridge maintenance work. The main ridges on which maize was planted were 90 cm apart while the ties were made at distances of 2 m. In the no-tillage system, tillage for land preparation was done using hand hoes with no subsequent use of hand hoes in between the season. Weeding in no-till system was done by hand pulling. Organic resources applied were goat manure (on average 2.67, 0.52 and 4.17% of N, P and K, respectively) broadcast at planting at 1 and 2 t ha -1 and maize stover (0.65, 0.08 and 1.78% of N, P and K, respectively) applied at 1 t ha -1 . The manure was imported from one farmer at all times while maize stover was from the harvested crop, except in the first season when it was sourced from an immediate farm. The stover was spread over the plots prior to land preparation. Each of the treatments was split into two subplots that received 0 and 60 kg N ha -1 , respectively. The chemical nitrogen fertilizer was split applied with 1 / 3 at planting and 2 / 3 at 4 weeks after planting.
Test crop was maize (Zea mays) Katumani composite variety that takes 72 days to mature. The seeds were planted at 90 and 60 cm inter and intra-row spacing, respectively and thinned to two plants per hole after germination. Harvesting was done leaving one border row and end plants making a harvest net plot area of 4.5 m by 1.8 m from the initial subplot plot of 6 m by 3 m.
Plant nutrient uptake
Nutrient inputs from fertilizer were calculated based on application amounts and fertilizer formulation. Inputs from organic resources were derived from nutrient contents of the manure and maize stover applied in each season. At the end of season 4, maize grain and stover at subplot level were analyzed for %N, P and K for calculations of seasonal plant nutrient uptake. Sampling for the grain and stover was done at harvest by selecting five (5) plants from each plot. The stover was chopped into small pieces and both grain and the stover air-dried to constant weight. A subsample was then ground, separately for grain and stover, before analysis. The results were used to calculate partial nutrient balances for N, P and K as: Partial nutrient balance = input (fertilizers ? organics) -uptake (removal in grain and stover)
The estimates excluded inputs in wet and dry deposition, sedimentation, and nutrient accessions by deep roots from subsoil layers, and outputs by leaching, erosion, run-off, and gaseous losses.
Separating aggregate fractions
Soil sampling for aggregation assessment was done at the end of the 4th season in all -N plots at 0-15 cm depth at five spots (along the two diagonals). A sampling core with 5 cm diameter was used and the soil was mixed before taking a total sample of 1 kg. Within tied-ridges, soil sampling was at sloping part of the ridge (mid-way between furrow and ridge-top). The samples were air dried for 2 days to constant weight before passing through an 8 mm sieve from where 80 g was weighed for wet sieving, and an additional 10 g for moisture content determination. The 80 g soil was submerged in water over a 2 mm sieve for 5 min to allow slaking, followed by sieving for 2 min. Soil that passed through the 2 mm sieve was sieved again for 2 min using a 250 lm sieve to obtain small macro-aggregates. The aggregates not captured by the 250 lm sieve were then sieved for 2 min using a 53 lm sieve to obtain micro aggregates. The filtrate obtained after sieving with a 53 lm sieve was shaken using a dispenser and 250 ml sampled into a beaker. The four different samples were dried at 60°C for 48 h before weighing. Sand correction was not done. Mean weight diameter (MWD) of the aggregate fractions was calculated as MWD=RX i W i , where X i is the diameter of the ith sieve size and W i is the proportion of the total aggregates in the ith fraction. Higher MWD indicate higher proportions of macro-aggregates. Geometric mean diameter (GMD) was calculated as, GMD = exp
where Wi is the weight of aggregates in size class i and Xi is the mean diameter of that size class. GMD estimates the size of the most frequent aggregate size class (Filho et al. 2002) .
Chemical soil and plant analysis
Plant and soil analysis were conducted at ICRAF laboratories in Nairobi, Kenya, and all analysis were done according to the ICRAF laboratory procedures as detailed by (ICRAF 1995) . Analysis for plant N, P and K was by wet oxidation based on Kjeldahl digestion with sulphuric acid (Parkinson and Allen 1975) . Potassium was determined through flame photometry, and N and P were determined by colorimetric determination. Soil total N was also based on wet oxidation using Kjeldahl digestion while soil total carbon was extracted using acidified dichromate. Analysis for extractable inorganic phosphorus and exchangeable potassium were based on a modified Olsen extractant. Soil pH was determined in water while exchangeable Ca and Mg were extracted using 1 N KCl extractant and determined using a spectrophotometer.
Data analysis
Maize germination and yield data (grain and stover), were analyzed in Genstat Discovery edition 3, using split plot procedure with initial soil parameters values (available Phosphorus, exchangeable calcium, magnesium and potassium and C/N ratio) as covariates to take care of the variability observed in the experimental field. Soil aggregation data was obtained at main plot level and was analyzed using generalized linear model (GLM procedure) in Statistical Analysis System (SAS) version 9.1 and treatment least square means obtained by the LSmeans statement. Pearsons correlation coefficients were used to establish relationship between different soil parameters using SAS software but first, the outliers and extreme values, identified by box plots in SPSS version 14.0 for windows, were removed.
Results
Soils across the experimental field were heterogeneous. Excluding outliers and extreme values shown in Fig. 2 , Pearson's correlations showed pH to be largely correlated to exchangeable calcium (R 2 = 0.8).
Effect of treatment on germination
Germination was significantly affected by tillageorganic resource system (P \ 0.01) during the last two seasons with treatments under tied-ridge systems Nutr Cycl Agroecosyst (2011) 90:213-225 217 having lower germination than no-till and conventional tillage systems (Table 1) . Germination was highest in the 2nd season but declined in the subsequent seasons. The decline was highest in tied-ridges where 88, 62 and 29% germination was observed in the 2nd, 3rd and 4th seasons respectively compared to 91, 81 and 77% in the other systems, during the same period. Chemical nitrogen fertilizer application did not affect germination in any of the seasons.
Effect of treatment on maize yield
Tillage-organic resource system had no significant effect on maize grain yield in any of the season. However, important trends were observed when comparing the different tillage and organic residue treatments. For example, treatments under no-till system had the lowest yields during the first two seasons but improved to achieve the highest yield by the fourth season (Table 2) . During the fourth season, and without N application, no-till ? manure achieved significantly higher maize grain yields than control (P \ 0.05). These data show continual progression of crop yield improvement under no-till system over the 4 seasons. Regardless of tillageorganic resource system, the highest seasonal yield was observed in season 3 (SR2006). Combining CR and manure resulted in additive maize yields over manure only treatments in all the seasons of study. Over the four seasons for example, combining 1 t ha -1 of crop residue and 1 t ha -1 of manure, in plots not applied with chemical N, increased average maize grain yield above manure only treatments by 52, 17 and 27% in conventional, notill and tied-ridge treatments, respectively (Table 2) . During the same period, average maize stover yield in CR ? manure treatments was more than manure only treatments by 22-36%, for treatments not applied with chemical nitrogen fertilizer. We observed that under tied-ridges, conventional and no-till systems, there were 6 / 8 , 6 / 8 and 4 / 8 cases respectively in which organic resource combination (1 t ha -1 each of crop residue and manure) had additive maize grain yields over manure only (applied at 2 t ha -1 ). Chemical nitrogen fertilizer application had a positive and significant effect on maize yield in the first three seasons while its interaction with tillageorganic resource system was significant during the fourth season. On average, application of chemical nitrogen fertilizer increased yield by 39, 59, 91 and 13% over plots not applied with the nitrogen fertilizer in season 1, 2, 3 and 4 respectively. Averaged over the four seasons, maize grain increases due to N application in CR ? manure and manure only treatments were 23 and 34% in conventional tillage, 18 and 59% in no-till and, 17 and 35% in tied-ridges, respectively. Greater response to fertilizer N in manure only treatments over manure ? CR was also observed with maize stover. (Table 3) . As with harvested yield, combination of crop residue and manure resulted in an additional uptake of 79, 16 and 9 kg N ha -1 in conventional tillage, no-till and tied ridge systems, respectively, for plots not applied with chemical N fertilizer. Also, plots applied with inorganic fertilizer N had more K and N taken up than non-N plots. Grain/stover nutrient ratio varied from 1.5 to 4.0 for N, 2.0 to 6.1 for P and 0.15 to 0.25 for K. Highest ratios for N and P were observed in no-till treatment.
Nitrogen partial nutrient balances were positive (?6 to ?350 kg N ha -1 ) except for the control (-57 kg N ha -1 ) and conventional tillage ? CR ? manure (-48 kg N ha -1 ; Table 3 ). Negative balances indicate nutrient mining. Phosphorus and potassium not used by crops ranged between 141 to 193 kg P ha -1 and 75 to 462 kg K ha -1 . Although apparent P and K recoveries (uptake/input) were similar between N and non chemical N fertilizer plots, apparent recoveries of N were 0.76 for non-N treatments and 0.38 for treatments applied with N respectively. In all cases, lower uptake and higher nutrient balances were observed in 'manure only' treatments than treatments involving combination of manure and CR. In most cases, partial N, P and K balances were significantly and negatively correlated with maize yield (Table 4 ), indicating that increased crop productivity led to lower partial nutrient budgets. Taking partial P balance as an example, treatments combining both CR and manure had more significant correlations with grain and stover compared to treatments with manure as the only organic resource applied. For the different organic resources and N fertilizer application combinations, there was positive influence of initial soil total N and exchangeable P and K on total N, P and K uptake by maize (data not shown).
Soil aggregation
Soil aggregation was assessed at the main plot level, allowing to determine the separate effects of tillage and organic resources. Tillage had significant effect on large macro-aggregate fraction ([2 mm) and micro-aggregates fraction (\250 lm [53 lm), with the highest macro-aggregates and aggregation indices in no-till followed by tied-ridges and least in conventional tillage (Table 5 ). In treatments combining CR and manure, large macro-aggregates were up to 2 times higher in conservation systems (no-till and tied ridges) compared to conventional tillage system, with resultant reductions in micro-aggregates. Also, combining crop residue and manure increased large macro-aggregates by 1.4-4.0 g 100 g -1 soil above manure only treatments and simultaneously decreased micro-aggregates by 6.2 g 100 g -1 soil in tied-ridges and 4.0 g 100 g -1 soil in no-till below manure only treatments. Aggregate mean weight diameter (MWD) was significantly affected by tillage (P [ 0.05) being greatest in no-till followed by tiedridges and least in conventional tillage. As with large macro-aggregates, MWD was higher (not significant) in treatments combining CR and manure compared to those with only manure as the organic resource. Particulate organic matter (POM [ 2 mm), small macro-aggregates (\2 mm [53 lm), silt and clay (\53 lm) and geometric mean diameter (GMD) were not affected either by tillage or organic resource. 
Discussion
No-till and reduced tillage systems have been reported to perform better (Mrabet 2002) , similar and sometimes poorer than conventional tillage systems in terms of agronomic yields (Blaise and Ravindran 2003; Diaz-Zorita 2000) . In our case, agronomic performance in no-till system improved throughout the four seasons. Reduced yield under notill compared to conventional system, especially during initial seasons, has been reported elsewhere in Africa (Hoogmoed 1999; Rawitz et al. 1986 ) and attributed to crusting, surface sealing off the pores for water percolation and runoff (Osunbitan et al. 2005; Rosolem et al. 2002) . We observed leaf closing (wilting) and drying off plants indicating low water availability in the rooting zone of no-till during the first seasons. The amount of applied crop residue in our case was lower than the amount used in many conservation tillage trials and this could have contributed to the low yields under no-till during the initial seasons. The absence of residue during the fallow periods (between seasons as in our case) likely decreased agronomic performance in the no-till system, and future no-till trials should maintain residue cover throughout the year. High performance in no-till by the 4th season could be attributed to improvements of soil structure and therefore rooting and soil water relations, or simply response to the rainfall regime. Residue retention is necessary in notill systems and Govaerts et al. (2009) and Verhulst et al. (2009) have shown that similar improvements in soil quality (increased direct infiltration in the soil) and crop yields can be achieved with partial or with full residue retention. Recently, in order to improve water relations and crop performance in no-till systems, modifications have emerged including ripping and sub-soiling and the results are promising (Busscher et al. 1995; Diaz-Zorita 2000; Motavalli et al. 2003) , especially where soil compaction is CR = crop residue, * significant at P = 0.05, ** significant at P = 0.01, *** significant at P = 0.001 evident (Evans et al. 1996) but also depending on the rainfall regime (Gameda et al. 1994) . The next challenge in no-till farming is weed management in systems where chemical control is not viable. Similar yield between conventional tillage and tied-ridges as observed during the first three seasons, even though tillage under tied-ridge was restricted to ridge maintenance, is attributed to soil moisture improvement since the basins of tied-ridges harvest rainwater and allow it to percolate rather than runoff (Fig. 3) . Rainfall was often stormy and in season two for example, 75% of the seasonal rainfall was received only in 7 days. Tied-ridge systems have been observed to increase yield over conventional tillage by up to 85% (Nyakatawa et al. 1996) but the increase depends on soil type, ridge flow (closed or open) and planting position (in furrow or ridge topas in our case Belay et al. 1998) . Negative yields under tied ridges have also been reported and were attributed to high rainfall ([700 mm Jensen et al. 2003) and water logging (Olufayo et al. 1994) . Sandy soils in eastern Kenya allow quick percolation of water into subsurface horizons and no water-logging has been observed. Decreased yield in tied-ridges compared to conventional tillage and no-till systems especially during the last season is attributed to lower germination. As also reported by Twomlow and Bruneau (2000) , poor crop germination in tied ridges, especially for season four that had lowest rainfall during the first weeks, is attributed to incomplete wetting up of the tied-ridges at beginning of season. In Zimbabwe, the current practice to counter low germination on ridges is to use post emergence tiedridges (Nyagumbo, personal communication), but this requires rebuilding the ridges every season rather than maintaining old ones across seasons.
System performance under different organic resources shows clearly that farmers are better off combining different organic resources (manure and crop residue) for better yields. The benefits maybe derived from a synchrony mechanism where manure releases nutrients more readily meeting plant demand at early stages, while crop residues release nutrients slowly meeting requirements at later stages when plant demand is also lower. Also, in manure-only treatments, greater amounts of N could be released and get leached out of the system while presence of crop residue in CR ? manure treatment could lead to immobilization of such readily mineralizable manure N by micro-organisms during decomposition of the low quality crop residue. In northern France, for example, low quality straw retained in treatments reduced average mineralization over 4 months from 45 to 21 kg N ha -1 through immobilization (Beaudoin et al. 2005) . Such immobilized N could be released at later crop stages thereby enhancing crop performance. Greater losses of N in manure only than in CR ? manure treatments could explain the greater maize response to chemical N fertilizer application observed in manure only treatments, compared to CR ? manure treatments. Sandy environments, as is the case in our study site, are reported to experience excess drainage below the rooting zone accompanied by nitrogen leaching (Cameira et al. 2003 ) and up to 154 kg N ha -1 could be leached annually (Beaudoin et al. 2005 ). Higher yields with than without crop residue within conservation tillage systems (Dam et al. 2005) could be attributed to reduction in surface runoff. In Nigeria, Erenstein (2003) observed that runoff was reduced from 75.4 to 43.4% using 2 t ha -1 of surface mulch. Combining crop residue and manure could be a good strategy for semi-arid environments such as Mbeere, eastern Kenya, where poor rainfall distribution could lead to occasional flushing of plant available nutrients down the soil profile. It is such technologies that enhance synchrony between nutrient release and uptake by crops, and that consider farmers' organic resource access that could increase farm productivity and profitability.
Significant response to chemical N fertilizer indicates the importance of application of fertilizer in the cropping systems. Cropping system management should thus entail combinations of an appropriate tillage system, application/retention of organic resources, even though in small quantities, and the use of chemical nutrient sources. Nevertheless, the additional benefits following fertilizer application vary with seasonal rainfall. Lowest response to fertilizer in season 4 (LR 2007) is attributed to lack of adequate rainfall during the first 2 weeks after planting. This was likely through negative effects on root development for the already germinated crop (there was no effect of chemical N fertilizer on germination percentage). On the contrary, highest response to fertilizer was observed during the season with highest, well-distributed rainfall (SR 2006) . In general, highest yields achieved when chemical N fertilizer was combined with CR and manure demonstrate the importance of integrated soil fertility management (ISFM). This is well demonstrated by Vanlauwe et al. (2010) through a meta-analysis involving 90 ISFM-based per-reviewed publications that revealed greater agronomic performance when fertilizer was combined with manure or compost.
For the apparent nutrient recovery, the values observed in this study are similar to those reported by Saidou et al. (2003) . Leaching is a prevalent problem in sandy soils and 25-33% of applied N could be leached as observed in a sandy soil in England (Salazar et al. 2005) , and values could even be higher. The large partial balance observed in manure only treatments compared to those combining CR and manure could constitute more of nutrients lost by leaching or runoff. The correlations of NPK balances with maize yield further show that there were some manure only treatments where partial balance was not related with yield and this could be due to such leaching losses. Low nutrient uptake in no-till system compared to conventional and tied-ridge systems is attributed to the lower yields observed during the initial seasons. Our observation of higher N uptake following application of fertilizer N agrees with the observation of reduced aboveground N uptake in N-stress treatments in West Africa (Oikeh et al. 2003) .
Greater soil macro-aggregation in no-till systems due to reduced disturbance normally caused by plowing has been reported by several authors (Filho et al. 2002; Pinheiro et al. 2004) . The presence of crop residue within no-till improved soil aggregation, agreeing with Lal (1984) who observed that crop residue and reduced tillage drastically reduced soil detachment and its transport through runoff. Similarly, Ogunremi et al. (1986) reported increased proportion of aggregates exceeding 2 mm diameter in no-till compared to ploughed plots, and the differences were more pronounced when no-till was combined with crop residue application. In another study, Ley et al. (1989) found soil passing through 125-lm sieves at Samaru to be 10 times less in no-till compared to tilled treatment. Aggregation indices also showed that soil structure was improved under tied-ridges compared to conventional tillage plots, again due to less disruptions by tillage and enhanced soil moisture. But aggregation in tied-ridges was lower than in no-till because the restricted tillage for ridge maintenance contributed to aggregate disruptions.
Conclusions
Since combining 1 t ha -1 manure and 1 t ha -1 crop residue result in improvement of maize yield and soil aggregation compared to sole application of manure at 2 t ha -1 , we conclude that application of high quality manure combined with low quality crop residue is a good practice that could reduce N leakage and increase nutrient use efficiency within dryland maize cropping systems. No-till system can achieve better yield than conventional tillage but this is achieved after some cropping seasons. The best practice for farmers will be to use combination of conservation tillage (no-till or tied-ridges) and manure plus crop residue. Also, the application of chemical N fertilizer in the system is appropriate for further increases in yield. These results are applicable in farmers' fields and can be implemented immediately since the rates of organic resources used are within the access of majority of small-holder farmers in the dryland environments.
